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© Transgenic mammal containing heterologous gene. 



© A process for producing a transgenic mammal, 
especially a mouse which contains and expresses a 
heterologous gene, especially the human insulin hor- 
mone gene. The insulin gene is expressed only in 
the pancreas of the transgenic mouse and is regu- 
lated by glucose, glucagon, or other insulin affectors 
in a manner which is indistinguishable from that of 
normal mice. Progeny of the trangenic mice inherit 
the human insulin gene in a Mendelian manner, with 
approximately 50% of the mice of each litter ex- 
CjJ pressing the human insulin gene. The weights of the 
^transgenic mice, growth rate, feeding behavior, re- 
productive capability, and longevity appear indistin- 
0>guishable from normal mice. The mice are useful for 
^studies of pharmacokinetics of insulin expression 
p^and for investigations of possible drug interactions 
with glucose homeostasis. 
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TRANSGENIC MAMMAL CONTAINING HETEROLOGOUS GENE 



Field of the Invention 

The invention pertains to a process for produc- 
ing a recombinant, transgenic mouse, capable of 
expressing the human insulin hormone. The inven- 
tion further pertains to a mouse which expresses 
the human insulin hormone. The invention further 
pertains to a means of evaluating potential thera- 
peutic agents in a transgenic human insulin-pro- 
ducing mouse which comprises introducing a po- 
tentially therapeutic agent into the transgenic 
mouse and monitoring the expression of human 
insulin production. The invention further pertains to 
the process of evaluating the effects of therapeutic 
agents on human proteins in transgenic animals. 



Background Art 

The ability to incorporate specific genes into 
the genome of mammalian embryos has provided 
a useful in vivo system for the analysis of gene 
control and expression. The high efficiency trans- 
formation of cultured mammalian cells has been 
accomplished by direct microinjection of specific 
ON A sequences into the cell nucleus (Capecchi, 
M., Cell 22:479-488 (1980)). Gordon, J. W. et aL - 
(Proc. Natl. Acad. Sci. USA 77:7380-7384 (1978)) 
demonstrated that DNA could be microinjected into 
mouse embryos, and found in the resultant off- 
spring. Thus, at the present time, the ability to 
produce certain transgenic mice is well described 
and well known in the art 

The basic procedure used to produce trans- 
genic mice requires the recovery of fertilized eggs 
from the oviducts of newly mated female mice. 
DNA which contains the gene desired to be trans- 
ferred into the mouse is microinjected into the male 
pronucleus of each fertilized egg. Microinjected 
eggs are then implanted into the oviducts of one- 
day pseudopregnant foster mothers and carried to 
term (Wagner, T. E. et aL , Proc. Natl. Acad. Sci. 
USA 78:6376-6380 (1981)). The newborn mice are 
then tested for the presence of the microinjected 
DNA by means known in the art and appropriate to 
detect the presence of the microinjected DNA. 

Using essentially this procedure, Wagner, T. E. 
et ah, successfully produced an adult mouse ca- 
pable of expressing rabbit B-globin. This mouse 
was further capable of producing offspring which 
also expressed the rabbit B-globin gene. Additional 
cloned immunoglobulin genes have been intro- 
duced into mouse germ fines to produce transgenic 
mice which produce the cloned immunoglobulin. 



(Grosschedl, R. et aL f Cell 38:647-658 (1984)), 
Brinster, R. L. et aL, Nature 306 : 332-336 (1983)). 
Palmiter, R. D. et aj. (Nature , 300:611-615- (1982)) 
produced transgenic mice which carried the mouse 
5 metallothronein I promoter fused to the structural 
gene for rat growth hormone. These mice were 
found to produce elevated levels of rat growth 
hormone, and to exhibit dramatically enhanced 
growth. Brinster, R. L. et ah, Cell , 37:367-379 
70 (1984)) injected the SV40 early region genes and a 
metallothionein fusion gene into fertilized mouse 
eggs, using essentially the method described 
above. A high percentage of the transgenic mice 
which developed from these eggs developed tu- 
15 mors within the choroid plexus. SV40 T-antigen- 
mRNA and protein were readily detected in this 
affected tissue. However, SV40 T-antigen gene ex- 
pression was barely detectable in unaffected tis- 
sues or in susceptible tissues prior to overt pathol- 
20 ogy, suggesting that tumorigenesis depended upon 
the activation of the SV40 genes. This work in- 
dicated that it was possible to microinject the 
genes which encode for a tumor virus into a mouse 
embryo and thereby produce a mouse with a pre- 
ss disposition to oncogenesis. Swift, G. M. et aj. (Cell , 
38:639-646* (1984)) produced a transgenic mouse 
which selectively expressed the gene for rat pan- 
creatic elastase I at high levels in the mouse pan- 
creas. 

30 Cloned genes can be transferred into the 

mouse germ line by microinjection into the pro- 
nuclei of mouse zygotes. Such microinjected genes 
frequently integrate into chromosomes, are retained 
throughout development and are transmitted to off- 

35 spring as Mendefian traits. (Grosschedl, R. et aL; 
Wagner, T. E. et aL). Investigators have reported 
that transgenic mice may be produced at an effi- 
ciency of between 10 and 30 percent using this 
procedure. Microinjected foreign genes have shown 

40 a tendency to be expressed in transgenic mice 
(Brinster, R.L. et aL, Swift, G.M. et aL). Such ex- 
pression, however, cannot be presumed. Lacy, E. 
et aL. Cell 34:343-358 (1983) disclose a transgenic 
mouse containing the human B-globin gene that 

45 generally does not express this gene. Similarly, the 
rat and human growth hormone genes have been 
found to not be expressed under the control of 
their own promoters in transgenic mice which carry 
these genes (Wagner. T. E. et aL; Hammer, O. et 

so aL). Expression of the chicken transferrin gene has 
been found to be enhanced only moderately in the 
liver (where it normally is preferentially expressed), 
relative to other tissues in a transgenic mouse 
which contains the chicken transferrin gene 
(McKnight, G. S. et aL , Cell 34:335-341 (1983)). 
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Thus, although the procedure for producing trans- 
genic mice has been described in the art the 
ability to produce specific transgenic mice which 
properly express the cloned gene remains impre- 
cisely defined. It has been theorized that these 5 
aberrant results reflect the possibility that the clon- 
ed DNA has integrated into an essential region of 
the mouse chromosome that modifies its expres- 
sion, or has undergone mutation or rearrangement 
in the process of integrating into the mouse chro- io 
mosome. 

Upon entry into the nucleus of the unicellular 
fertilized egg, the cloned gene fragments are be- 
lieved to integrate at random sites on the mouse 
chromosomes. Once the cloned DNA has inte- is 
grated into these sites it is, in general, stable and 
leads to the heritable transmission of these genes 
into progeny mice. Thus, the extremely variable 
expression of thymidine kinase in transgenic mice 
which carried the herpes simplex virus (type 1) 20 
gene is believed to result from a genetic rearran- 
gement that occurred when the thymidine kinase 
fusion gene integrated into the mouse chromosome 
(Palmiter. R. D. et aL, Cell, 36:869-877, (1 984)). 

The general method for producing transgenic 25 
mice is described in Wagner, T. E. et aL , Eu- 
ropean Patent Application No. 81,570 
(corresponding U.S. Patent Application No. 
273,239) which- specifically discloses a mouse ex- 
pressing rabbit beta-globin-gene in Its erythrocytes. so 

Efforts to introduce the gene for human insulin 
into mice have been reported previously 
(lllmensee, K. et aL, "Nuclear and Gene Transplan- 
tation in the Mouse." In: Brown B.D., Fox C.F., Eds. 
Developmental Biology Using Purified Genes , Aca- 35 
demic Press, New York, pp 607-629 (1981); Burki, 
K. et aJ. . Embo J. 1;127-131 (1982); Van der 
Putten, H. et aL, Mol. Gen. Genetic 198 :12B-138 
(1984)). These efforts resulted in the production of 
a mouse which contained the human insulin hor- aq 
mone gene sequences. The transgenic mouse pro- 
duced by these laboratories was, however, unable 
to transmit the human insulin gene sequences to 
its progeny. Van der Putten, H. et aL, showed that 
although progeny mice derived from a transgenic 45 
(insulin sequence bearing) mouse retained DNA 
sequences which had flanked the insulin gene se- 
quence region, the progeny mice lacked all human 
insulin sequences.. To explain how the insulin bear- 
ing sequences could have been deleted from the so 
transgenic mice, while the flanking regions had 
been retained in these mice, Van der Putten, H. et 
aL, postulated a germ line-specific excision event 
which specifically removed the human insulin se- 
quences. Van der Putten, H. et aL, concluded that 55 
the excision of the human insulin gene sequences 
might be a jgeneral phenomenon occurring during 
an initial step in the formation of the germ line in 
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the transgenic female. The procedure employed by 
Van der Putten, H. et aL used a high number of 
circular DNA molecules containing the human in- 
sulin gene for the microinjections. 

In conclusion, the prior art teaches the ability to 
produce certain transgenic mice which are capable 
of a tissue specific expression of a cloned gene. 
The prior art, however, also teaches the difficulty of 
specifically producing a transgenic mouse which 
expresses the human insulin gene. Although it has 
been possible to produce transgenic mice which 
carry DNA sequences of the gene for human in- 
sulin, these mice are not known to produce human 
insulin and have not been able to produce offspring 
which either express or carry the human insulin 
gene (Van der Putten H. et aL, Mol. Gen. Genetic 
198:128-138 (1984)). 

It is therefore of great interest to develop a 
method for producing a mouse capable of express- 
ing a human hormone or analogue of a human 
hormone and which can heritably transmit the ca- 
pacity to express this hormone to Its progeny mice. 

Summary of the Invention 

A process is described for isolating a mouse 
which expresses human insulin. A cDNA fragment 
encoding a portion of human preproinsulin was 
used to probe a human gene ' library in bac- 
teriophage lambda Charon 4a (described by R. M. 
Lawn, et aL, Cell 15: 1157-1 174 (1978)). By screen- 
ing the recombinant phages by hybridization, for 
those containing human insulin gene sequences, a 
12.5-kilobase EcoRI fragment was obtained. This 
fragment was sequenced and shown to contain the 
complete nucleotide sequence of the cloned hu- 
man insulin gene (Bell, G. I. et aL, Nature 284 : 26- 
32 (1980)). The 12.5 kb EcoRI fragment was micro- 
injected into the mate pronucleus of a single-cell 
mouse embryo. The embryo was then transferred 
into a pseudo-pregnant foster mother for gestation. 
This procedure resulted in the birth of three viable 
mice containing human insulin gene sequences as 
detected by Southern hybridization analysis. One 
of these three mice, a male, was bred to generate 
a colony of several hundred offspring. The human 
insulin gene was transmitted in a Mendelian fash- 
ion, with approximately 50% of both the F1 and F2 
offspringjnheriting the injected DNA fragment. 

In detail, the invention comprises: 

A method for obtaining a target mouse whose 
cells contain a genetic sequence for all or part of 
the human prepropinsulin, proinsulin or insulin 
genes and which is capable of being bred to pro- 
duce progeny mice whose cells contain the genetic 
sequences, comprising: 

(a) isolating a fertilized egg from a first female 
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mouse; 

(b) transferring a genetic sequence which contains 
ali or part of the human preproinsulin, proinsufin or 
insulin gene into the fertilized egg; 

(c) transferring the fertilized egg containing the s 
genetic sequence to the uterus of a pseudopreg- 
nant second female mouse; 

(d) maintaining the second female mouse such 
that 

(i) the second female mouse becomes pregnant 10 
with an embryo derived from the fertilized egg 
containing the genetic sequence. 
GO the embryo develops intb the target mouse, and 
(iii) the target mouse is viably born from the sec- 
ond female mouse; 75 
wherein the target mouse contains a genetic se- 
quence for human preproinsulin. proinsulin or in- 
sulin and is capable of being bred to produce 
progeny mice -whose cells stably contain the ge- 
netic sequences. 20 

The invention also provides a mouse whose 
cells contain the gene for human preproinsulin, 
proinsulin or insulin and which is capable of pro- 
ducing progeny mice carrying the gene. The inven- 
tion also provides a mouse whose cells contain the 25 
gene for human preproinsulin, proinsulin or Insulin 
and which is capable of producing progeny mice 
carrying the gene, and wherein the gene is stably 
expressed. 

The invention * further provides a method for 30 
evaluating the pharmacokinetic effect, therapeutic 
value, or medical significance of an agent on the 
expression or level of a heterologous protein which 
comprises: 

(a) providing the agent to a transgenic mam- 35 
mal, the mammal containing the gene for the het- 
erologous protein; and 

(b) examining the effect value or signifi- 
cance of the agent on the expression or level of the 
heterologous protein, by monitoring the expression 40 
or level in the mammal. 

The invention also provides a method for eval- 
uating the pharmacokinetic effect therapeutic val- 
ue, or medical significance of an agent, on the 
expression or level of human insulin which com- 45 
prises: 

(a) providing the agent to a mouse whose 
cells contain and stably express the gene for hu- 
man preproinsulin, proinsulin or insulin; and 

(b) examining the effect, value or signifi- so 
cance of the agent on the expression or level of the 
human insulin by monitoring its expression or level 

in the mouse. 

The invention also provides a transgenic 
mouse of strain B6C3F1, wherein the transgenic ss 
mouse is capable of stably expressing human in- 
sulin in a naturally regulated manner. A human O 
peptide radioimmunoassay kit (Behringwerke AG, 
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Germany) was used to detect expression of the 
human insulin gene in this mouse and its' offspring. 
The assay is specific for human C-peptide, show- 
ing little or no cross-reactivity with mouse C-pep- 
tide. Using this assay, several hundred transgenic 
mice have been analyzed under a variety of phys- 
iological circumstances and shown to produce hu- 
man C-peptide, thus indicating the expression of 
human insulin hormone in these mice. 

Normal glucose homeostasis was found to be 
preserved in these mice, indicating that the expres- 
sion of the human insulin gene was being appro- 
priately regulated. The level of human insulin in the 
transgenic mice indicated that insulin expression 
was under the same regulation and control as 
either human insulin in humans or murine insulin in 
mice. 

The invention is significant and useful in that it 
provides an animal model to test for effectors of 
human insulin hormone in a non-human animal. 



Description of the Figures 

Figure 1A shows shows the presence of 
human insulin gene sequences within the 
chromosomal DNA of the transgenic mouse. Figure 
1B shows the presence of human and mouse in- 
sulin mRNAs in tissues of transgenic and control 
mice. 

Figure 2 shows the serum glucose levels in 
transgenic and control mice following an in- 
traperitoneal glucose injection. 

Figure 3 shows human C-peptide levels dur- 
ing an intravenous amino acid tolerance test on 
transgenic and control mice. 

Figure 4 shows human C-peptide levels dur- 
ing an intraperitoneal glucose tolerance test on 
transgenic and control mice. 

Figure 5 shows human C-peptide levels dur- 
ing an intravenous tolbutamide infusion test on 
transgenic and control mice. 



Description of the Preferred Embodiments 

Insulin is a polypeptide hormone that plays the 
predominant physiologic role in the regulation of 
fuel homeostasis in an organism. It is synthesized 
by the beta cells of the Islets of Langerhans 
(hereinafter described as "Islet cells") of the pan- 
creas. Circulating insulin levels are regulated by 
several small molecules, notably glucose, amino 
acids, fatty acids, and certain pharmacologic 
agents. Insulin consists of two polypeptide chains 
(A and B, linked by disulfide bonds) that are de- 
rived from the proteolytic cleavage of proinsulin, 
generating equimolar amounts of the mature insulin 
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and a connecting peptide (C-peptide). Proinsuiin is 
produced as a precursor known as preproinsuiin. 
Preproinsulin is processed by the cell into proin- 
suiin which is then excreted from the cell as the 
mature hormone, insulin. Thus, insulin hormone 
expression or level may be assayed by measuring 
either preproinsuiin, proinsuiin, insulin, A-peptide, 
B-peptide or, preferably C-peptide, expression or 
level. 

The term "F1," as used herein, refers to the 
first generation descendants of a mouse (i.e., its 
"sons and daughters"). The term "F2," as used 
herein, refers to the second generation decendants 
of a mouse (i.e., its "grandchildren"). 

The term "human insulin" refers not only to 
natural insulin, but also to any analogue thereof. 
Examples of such analogues are: the product of a 
human insulin gene which contains a mutation ren- 
dering the insulin thereby produced to be function- 
ally impaired, or a naturally occurring human pro- 
tein which is structurally or functionally similar to 
normal human insulin, or a novel insulin hormone 
which results from the in vitro or in vivo 
mutagenization or' modification of the human insulin 
gene. The term, "human insulin," further refers to 
variant forms of human insulin. A variant form of 
human insulin, is a molecule structurally or func- 
tionally similar to human insulin which arises 
natrually or through disease and is present in a 
subpopuiation of the total population. 

The term "heterologous protein" refers to a 
protein which is not normally produced by a par- 
ticular species. Human insulin, rabbit B-globin are 
examples of heterologous proteins which may be 
produced in a mouse. The characteristic of trans- 
genic mammals is that they contain the genes for 
heterologous proteins, and thus have the capacity 
to produce heterologous proteins. 

The term "cloned gene" refers to a DNA se- 1 
quence of interest, which has been isolated, and is 
to be injected into the fertilized egg of a mouse, so 
as to produce a transgenic mouse which contains 
the cloned gene sequences. 

As used herein, the terms "gene," "DNA se- 
quence" or "genetic sequences" are synonymous, 
and refer to DNA including any introns or exons 
which are naturally associated with that DNA. An 
example of a gene is the DNA which encodes 
human preproinsuiin and the untranslated and inter- 
vening sequences which are associated with this 
DNA sequence (Bell, G. et aj., Nature 284 26-31 
(1980)). One genetic sequence is said to be de- 
rived from a second genetic sequence if it is either 
an exact copy of the second genetic sequence or if 
it results from an alteration (i.e. mutation, insertion, 
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or deletion) of the second sequence. A genetic 
sequence is said to be "expressed" if the gene is 
transcribed into RNA and the RNA is translated into 
protein. 

5 The cloned gene, or a fragment of the cloned 

gene is produced and purified by any of several 
methods well known to the art. Thus, the cloned 
gene can be produced synthetically, or by treating 
mRNA derived from the transcription of the gene 

io with a reverse transcriptase so as to produce a 
cDNA version of the gene, or by the direct isolation 
of the gene from a genomic bank or from other 
sources. 

Regardless of how the cloned gene is isolated, 

75 it is amplified, and purified away from any other 
potentially contaminating molecules. Any DNA se- 
quence, such as the human proinsuiin gene, a DNA 
sequence which encodes human insulin, or the 
gene for human preproinsuiin, preferably DNA of 

20 plasmid pgHt 12.5 which contains the human 
preproinsuiin gene (Bell, G. et ah), may be used. 
The sequence of insulin, preproinsuiin, and proin- 
suiin is disclosed by Bell, G. et al . 

Fertilized mouse eggs for microinjection are 

25 recovered in cumulus from the oviducts of female 
mice that have been mated several hours earlier. 
Although, fertilized mouse eggs of females from 
mouse strains C57BL/6J, SJL/Wt C3H, or C57/SJL 
may be used, it is preferable to use fertilized 

30 mouse eggs from oviducts of C57/C3H F1 females 
that have mated with F1 males. Fertilized eggs at 
the pronuclear stage (i.e. the stage at which the 
male and female pronuclei are separated and dis- 
tinguishable from each other within the cytoplasm) 

35 are collected from the oviducts of the pregnant 
(C57/C3H) F1 females. The isolated fertilized eggs 
are incubated at 37° C in M16 culture medium 
(Whittingham, D. G., J. Reprod. Fertll. Suppl ., 14: 
7-21 (1971) and stored for 2-4 hours until micro- 

40 manipulation. Manipulation of the pipets for holding 
the fertilized egg to allow the injection of cloned 
DNA is accomplished by using Leitz micro- 
manipulators and paraffin oil-filled Hamilton sy- 
ringes. The insulin DNA source to be injected into 

45 these embryos should be in 0.5 mM Tris (pH-8) 
0.5 mM EDTA. A small drop of culture medium 
with five or six fertilized eggs is placed on a 
microscope slide and covered with paraffin oil. Be- 
tween 2 and 20 pt, but preferably with 5 pi of either 

so purified insulin gene fragment or a covalentty 
closed plasmid containing the insulin gene se- 
quence is drawn into the injection pipet which is 
then moved adjacent to the drop containing the 
fertilized eggs. A fertilized egg is positioned onto 

55 the holding pipet so that the male pronucleus is in 
juxtaposition to the injection pipet for subsequent 
injection of the insulin gene solution into the pronu- 
cleus. An effective number of copies of the insulin 
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gene sequence, between 600 and 20,000 but pref- 
erably 1 ,000 copies of the insulin gene sequence is 
injected into each fertilized egg. 60-100 eggs are 
injected per hour. 

After microinjection into all the pronuclei, the 
fertilized eggs are removed from the drop of me- 
dium on the microscope slide and placed in culture 
tubes for preimplantation development according to 
the method of Wagner, T.E. et at After 4 hours of 
culture at 37° in M16 buffer 1 or 2 fertilized eggs 
are transplanted into the uteri . of one day 
pseudopregnant ICR foster mothers and carried to 
term. Pseudopregnant mice are obtained by mating 
female mice with vasectomized males, as de- 
scribed by Hoppe, P. et al ., Biol Reprod , 8:420- 
426 (1973). Between 10-30 percent of the new-bom 
mammals bom to these foster mothers will be 
transgenic (i-e.. will contain within their chromo- 
somes integrated sequences of the cloned gene). 

The presence of these integrated sequences is 
detected by means known in the art and appro- 
priate to the detection of the specific cloned gene. 
Thus, to detect a gene which does or does not 
express a polypeptide product, a Southern hy- 
bridization analysis is performed- Such techniques, 
as well as those required for recombinant DNA 
manipulations, are described in Maniatis, T. et aL, 
Molecular Cloning: A Laboratory Manual , Cold 
Spring Harbor Laboratory, NY, 1982. hereinafter 
incorporated by reference. Cloned genes, whose 
presence is expected to be detectable by the pro- 
duction of a polypeptide, such as insulin, may be 
detected by means which are capable of distin- 
guishing the product of the cloned gene from any 
endogenous gene product (as, for example, being 
able to distinguish human insulin from murine in- 
sulin), such as radioimmunoassay, enzyme assay, 
or by other means well known in the art 

Although any suitable means may be used to 
detect the expression of the cloned gene in the 
transgenic mouse, it is preferable to use a radioim- 
mune assay, such as the human Opeptide 
radioimmunoassay kit (commercially available from 
Behringwerke AG, Germany) which is specific for 
human Opeptide, showing little or no cross-reactiv- 
ity with mouse C-peptide. and therefore appropriate 
to distinguish expression of human insulin from 
endogenous mouse insulin. 

Once a transgenic mouse has been identified, 
the stable maintenance and transmission of the 
integrated cloned gene is then confirmed by clas- 
sical Mendelian experiments as are well known in 
the art of genetics. A mouse is said to be derived 
from another mouse If the mice are genetically 
indistinguishable or if one of the mice is a descen- 
dant of the other. A transgenic mouse is said to 
stably contain a cloned gene sequence, or to stab- 
ly express a gene product of a cloned gene, if 



some of the F1 or F2 offspring of the transgenic 
mouse contain the cloned gene sequence or ex- 
press the cloned gene product (respectively), in a 
manner which is either substantially similar to that 
5 of the transgenic mouse, or which is substantially 
distinguishable from that of a non-transgenic mam- 
mal. 

Typically, it is desirable that the cloned human 
insulin gene be expressed only in certain tissues, 

to which correspond to those tissues in which the 
cloned human insulin gene is naturally expressed 
in its natural host organism. In order to demon- 
strate tissue specificity, it is sufficient to analyze 
portions of various tissue from the transgenic 

75 mouse to determine whether these tissues express 
the cloned gene product. Thus, protein derived 
from various tissue can be assayed by radioim- 
munoassay or by other means for the presence of 
the cloned gene product Alternatively, RNA may 

20 be prepared from several tissues and hybridized to 
a ^P or other radiolabeled (or biotinylated) nick- 
translated human insulin cDNA probe by means 
known in the art (Maniatis, T. et aL). 

The expression of the cloned human insulin 

25 gene sequences will, preferably, be "naturally reg- 
ulated " by the same mechanisms in a transgenic 
mouse as it was in its natural host human. 

The term "naturally regulated" means that the 
gene is regulated in a physiologically appropriate 

so mannner. Hence, the gene's expression may not 
be constituitive, but will vary in response to the 
requirements, activities and effectors of the tran- 
genic mouse. "Natural regulation" requires that the 
cloned human insulin gene may not be expressed 

35 in all tissues and organs of the mouse, but only in 
those tissues and organs in which the cloned in- 
sulin gene was expressed in its natural host Fur- 
ther, such "natural regulation" requires that the 
insulin gene sequences, their corresponding mRNA 

40 transcripts, and the proteins produced from these 
transcripts, be "naturally processed." The term 
"naturally processed" involves such steps as 
mRNA transcription, splicing, and proteolytic 
cleavage of protein precursor molecules (such as 

45 preproinsulin or proinsulin). Additionally, "natural 
regulation" will cause a level of insulin gene ex- 
pression which is within a normally encountered 
physiological range rather than an abnormal range. 
The physiologically normal range of insulin con- 
so centration in a mouse is 0-100 uU/ml. Thus, for 
example, the expression of the human preproin- 
sulin gene in a transgenic mouse would be 
"naturally regulated" if (1) expression occurred - 
only in the Islet cells of the pancreas of the mouse, 

55 (2). the preproinsulin produced was naturally -pro- 
cessed to proinsulin and the naturally produced 
proinsulin was further naturally processed to insulin 
which was naturally secreted into the circulatory 
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system of the mouse, (3) the amount of preproin- 
sulin, proinsufln and insulin produced was within a 
normal physiological range, (4) the presence of 
affectors of insulin expression (such as glucose or 
amino acids) will cause the amount and concentra- 
tion of human preproinsuiin, proinsulin and insulin 
to vary in a manner which is essentially identical to 
that in which murine preproinsuiin, proinsulin and 
insulin would vary in the mouse or human preproin- 
suiin, proinsulin or insulin would vary in humans. 

Transgenic mice which produce the human in- 
sulin hormone are especially useful to the phar- 
maceutical industry. Such mice provide, for the first 
time, an in vivo non-human animal model for evalu- 
ating the effect of a drug or other agent on human 
insulin levels. Currently, any effort to make such an 
evaluation requires volunteers or patients. The ethi- 
cal constraints which are encountered in research 
involving human subjects greatly limits the nature 
and scope of investigations of human insulin-thera- 
peutic agent interactions. 

In an exactly analogous manner one could de- 
termine the pharmacological effects, therapeutic 
value, and medical significance of an agent by 
administering the agent to any transgenic mammal 
and evaluating the potential effect of the agent on 
the expression and level of any heterologous pro- 
tein produced by the transgenic mammal. Thus, for 
example, If one had produced a transgenic mam- 
mal which produced heterologous protein primarily 
in its choroid plexus (as did Swift, G.M. et al.) then 
one could assess the effects of agents on the 
choroid plexus, or the ability of agents to enter the 
choroid plexus by studying the expression of the 
heterologous protein. Hence, the present invention 
teaches more than the use of transgenic mammals 
to study insulin expression; the present inventions 
discloses the utility of transgenic mammals, and 
especially transgenic mice, in the general study of 
pharmacology and medicine. 

The ability to produce a transgenic mouse 
which expresses an analogue of human insulin 
permits investigations of the structure and function 
of the insulin hormone. Previously, such studies 
were difficult to perform because of the rarity of 
individuals expressing such analogues, and be- 
cause the amount of hormone produced in such 
subjects or patients is extremely limited. In con- 
trast, the ability to produce transgenic mice which 
express analogues of human insulin enables the 
purification and characterization of such analogues. 
The amount of the natural analogues available 
would be limited solely by the size of the colony of 
mice used in the investigation. Moreover, the ability 
to manipulate insulin gene sequences in vitro and 
to introduce those sequences back into a mouse, 



thus producing a transgenic mouse which ex- 
presses a novel insulin hormone provides an ex- 
traordinary tool to investigate the relationship be- 
tween hormones structure and function. 

5 E. cpji strain containing plasmid pgHI 12-5 is 

described by Bell. G.I. et al. 

Having now generally described this invention, 
the same will be better understood by reference, to 
certain specific examples which are included herein 

io for purposes of illustration only and are not in- 
tended to be limiting of the invention, unless speci- 
fied. 



75 Example I 

Preparation of the Cloned Insulin Fragment 

Insulin mRNA was isolated from pancreatic 

20 cells and used to produce a cDNA probe (Lawn, R. 
M. et aL; Bell, G. I. et aL). A human gene library in 
bacteriophage lambda Charon 4A was incubated in 
the presence of the cDNA probe. Two out of ap- 
proximately 10 s phages hybridized with the probe. 

25 One of these clones contained a 12.5 kb EcoRI 
fragment which contained the complete nucleotide 
sequence of the cloned human preproinsuiin gene. 
This 12.5 kb fragment was subcloned into the 
plasmid pBR322, and designated pgHI 12.5 intro- 

30 duced into the bacterium E. coli, strain DK1 and 
thereby amplified. After amplification the I2.5kb 
fragment was excised from the plasmid and puri- 
fied. Approximately 1.000 copies of this fragment 
were microinjected into the male pronucleus of 

35 single-cell mouse embryos, which were then trans- 
ferred to pseudopregnant foster mothers for gesta- 
tion. Of 46 mice born after one series of injections, 
three (approximately 7%) contained human insulin 
gene sequences as detected by Southern hybrid- 

40 ization analysis. One mouse, a male, was found to 
contain from 5 to 10 copies of human insulin gene 
fragment per haploid genome, and was character- 
ized further. This mouse was bred to generate a 
colony of several hundred offspring, and the human 

45 insulin gene sequences were found to be transmit- 
ted in a Mendelian fashion, with approximately 
50% of both the F1 and F2 offspring inheriting the 
injected DNA fragment Mouse No. 16 which was 
found to be a transgenic, human insulin producing 

so mouse was bred with a female mouse of strain 
B6C3F1, to generate progeny mice. By assaying 
for human insulin production in these mice and 
selectively mating human insulin-producing sib- 
lings, a colony of homozygous, human-insulin pro- 

55 ducing mice was obtained. The homozygous 
human-insulin producing mice were designated 
B6C3F1/huming. 
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The characterization of the transgenic mice is 
shown in Figure 1A. Chromosomal DNA from sev- 
eral mice were tested to determine whether the 
mice carried human insulin DNA sequences. DNA 
samples were digested with Pvu II and analyzed by 
a Southern hybridization analysis (Maniatis, T. et 
al.) using a radio-labeled 1594 bp Pvu II fragment 
(contained within the 12.5 kb human insulin DNA 
fragment) as a probe. Lanes 1, 2 and 5 show 
hybridization between the probe and genomic se- 
quences of transgenic mice. Lane 3 shows the 
absence of hybridization between the probe and 
genomic sequences of a non-transgenic sibling 
mouse. Lane 4 shows the hybridization between 
the probe and genomic DNA of a human control. 
For the Southern blot analysis, 8 ug of total 
genomic DNA for each mouse were digested with 
Pvu II, subjected to electrophoresis on a 0.9% 
agarose gel, and transferred to nitrocellulose. The 
filter was then prehybridized overnight, hybridized 
to a 32 P-labeled genomic human insulin probe, 
washed, and exposed to x-ray film. The genomic 
insulin probe was a fragment that extends from a 
Bgl If site at -169 with respect to the transcriptional 
start site of the human insulin gene to an Ava I site 
at +644. In addition to promoter sequences, this 
fragment contained the first intervening sequence, 
the first exon (including sequences encoding the 
signal peptide, B-peptide, and a portion of the C- 
peptide), and a portion of the second intervening 
sequence. The genomic human insulin probe 
showed limited cross hybridization with the endog- 
enous mouse insulin genes. 



Example II 

Confirming the Expression of the Cloned Human 
Insulin Hormone Gene in the Mouse 

The presence of DNA which contains human 
insulin gene sequences was detected in the mouse 
B6C3F1 /Huming through the use of Southern hy- 
bridization analysis. To determine the tissue speci- 
ficity of human insulin gene expression in the tran- 
sgenic mice, both RNA analyses and pancreatic 
islet function studies were performed. Total RNA 
from several tissues was prepared from transgenic 
mice and non-transgenic siblings. This RNA was 
separated by electrophoresis on 1.2% agarose- 
formaldehyde gels, transferred to nitrocellulose, 
and hybridized to a ^-labeled nick-translated hu- 
man insulin cDNA probe. The results of this experi- 
ment are shown in Figure 1B (lane 1, RNA from 
liver of nontransgenic mouse; lane 2, RNA from 
pancreas of nontransgenic mouse; lane 3, RNA 
from liver of transgenic mouse; lane 4, RNA from 
pancreas of transgenic mouse) although pancreatic 



RNA from both transgenic and control mice 
hybridized to the human insulin cDNA probe, RNAs 
from transgenic and control liver, spleen, brain, 
kidney, heart intestine, lung, and muscle showed 

5 no hybridization. Neither the mouse insulin cDNA, 
nor gene sequences, have been determined, but 
since the coding regions of the rat and human 
insulin mRNAs share 81% sequence homology 
(Bell, G. I. et ah), It was expected that both trans- 

to genie and control pancreatic RNAs would hybridize 
to the human probe. These results indicated that 
the human insulin gene was expressed only in the 
pancreas of the transgenic mouse of strain 
B6C3F1/ Huming, and not in any of the other 

75 tissues tested. Since no transgenic tissues other 
than the pancreas were found to express detect- 
able levels of insulin RNA, insulin expression in 
both transgenic and control pancreas was studied 
to determine if the transgenic pancreas was a site 

20 of human insulin expression. Pancreatic islets from 
six transgenic and six control mice were isolated 
by collagenase digestion (Lacy et aL, Diabetes 
16:35-39 (1967)) and cultured in groups of approxi- 
mately 80-100 Islet cells/tissue culture well. The 

25 following day, aliquots of media were taken, and 
human C-peptide levels were measured. The sam- 
ples from the tissue culture wells containing Islets 
cells from the pancreas of transgenic mice con- 
tained 250-650 ng/ml of human C-peptide, but the 

30 tissue culture wells containing Islet cells from the 
pancreas of control mice contained no detectable 
human Opeptide. The cultured transgenic Islet 
cells continued to express human C-peptide tor- 
several days. From these experiments, the major 

35 site of human insulin expression in transgenic mice 
of strain B6C3F1/ Huming has been determined to 
be the endocrine pancreas. 

Transgenic and control pancreases were im- 
munoperoxidase stained using a guinea pig anti- 

40 porcine insulin antibody and a goat anti-human C- 
peptide anti body. The anti-porcine insulin antibody 
cross-reacts with both human and mouse insulin, 
and Islets cells from both transgenic and control 
mice are stained. The size, distribution, and num- 

45 ber of islets were essentially the same in both 
transgenic and control mice, importantly, only the 
Islet cells of transgenic mice and not the islet cells 
of control mice were stained using an anti-human 
C-peptide antibody. This reflects the fact that the 

so anti-human C-peptide antibody showed tittle or no 
cross-reactivity with mouse C-peptide. The im- 
munohistochemistry data were consistent with the 
Northern analysis and jslet function studies pre- 
sented above, and demonstrated that the islet cells 

55 of transgenic mice of strain B6C3F1 /Huming were 
specifically expressing human insulin. 



8 — 




Example HI 

Studies of Physiological Regulation of Glucose and 
Human Insulin Levels in the Transgenic Mice 

Glucose and human C-peptide levels in trans- 
genic mice of strain B6C3F1/Huming were studied 
under a variety of physiological conditions to deter- 
mine if normal glucose homeostasis was being 
preserved, and If the expression of the human 
insulin gene was being regulated appropriately in 
these mice. To study blood glucose regulation, 
glucose tolerance tests were performed. Trans- 
genic offspring of mouse #16 and nontransgenic 
siblings were fasted overnight, given an in- 
traperitoneal injection of glucose {1 mg/grn body 
weight), and bled at various times after injection to 
determined serum glucose levels. The glucose tol- 
erance curve from the transgenic mice is similar to 
that from the control mice (Fig. 2). (Each mouse 
was arbitrarily chosen for serum sampling at one of 
the following times after infection: 5, 10, 20, 30, 45, 
60, or 90 minutes, shown by solid line. Four mice 
did not receive glucose and were bled to determine 
fasting serum glucose levels (dashed line). The 
human C-peptide levels in the sera of these mice 
were measured using a commerically available kit 
(Behringwerke AG, Germany) under the conditions 
recommended by the manufacturer. Serum human 
C-peptide levels of these transgenic mice are 
shown in Figure 3 by a solid line; those of control 
mice are shown by a dashed line). Of particular 
importance is that the fasting and maximally stimu- 
lated glucose levels as well the kinetics of the 
return to basal glucose levels are similar for the 
transgenic and control animals. In addition, intra- 
venous administration of glucagon increased serum 
glucose levels by approximately 50% within 15 
minutes in both transgenic anc control mice. Taken 
together, these results strongly suggest that serum 
glucose levels are appropriately modulated in the 
transgenic mice. The weights of the transgenic 
mice, growth rates, feeding behavoir, reproductive 
capability, and longevity appear normal. 

The role of human insulin in the regulation of 
blood glucose levels in transgenic mice was inves- 
tigated by performing a glucose tolerance test on 
transgenic and control mice (Fig. 4). No human C- 
peptide was detectable in the sera of fasting trans- 
genic mice. Within 10 minutes of intraperitoneal 
administration of glucose, however, human C-pep- 
tide appears in the serum, and peak levels are 
attained in approximately 20 minutes. By 45 min- 
utes post-glucose injection, human C-peptide levels 
fell to values approaching the pre-stimulation or 
basal level. This pattern of human C-peptide ex- 
pression correlated closely with the glucose toler- 
ance curves previously described, and indicated 



that, in transgenic mice of strain B6C3F1/ Huming 
the serum human insulin levels were appropriately 
regulated by glucose. In addition, these data were 
similar to glucose tolerance results previously re- 
5 ported for both mice and humans (Larkins, Diabe- 
tes 22 :251-255 (1973); Rubenstein, in Endocrinol- 
ogy , Vol II (Eds. DeGroot et al.) 951-957 (Grune 
and Stratton, pub. 1979)). The control mice did not 
express any detectable human C-peptide. indicat- 

io ing that the human gene must be the source of the - 
human C-peptide in the transgenic mice. 

Insulin Is regulated by several other factors, 
including amino acids and certain pharmacologic 
agents. An intravenous amino acid infusion test 

15 was performed on fasting transgenic and control 
mice and human C-peptide levels in the serum 
were determined. Peak human C-peptide levels 
were seen with 5 minutes of amino acid infusion 
and gradually declined over the next 40 minutes. 

20 Transgenic mice of strain B6C3F1/ Huming and 
control mice were fasted overnight, infused with 0.5 
mg arginine and 0.5 mg leucine, and bled at the 
indicated times for human C-peptide determination. 
The results of this experiment are shown in Figure 

25 4. Each time point represents the average of values 
from four animals. The solid lines indicate data 
from transgenic mice; the dashed lines indicate 
data from control mice. Similarly, serum human C- 
peptide levels respond to tolbutamide, a sul- 

30 fonylurea derivative known to promote insulin re- 
lease (Ganda, O. P. et aL. Diabetes 24:354-361 
(1975)). Transgenic and control mice were fasted 
overnight infused with 0.5 mg of tolbutamide (The 
Upjohn Company, Michigan), and bled at the in- 

35 dicated times for human C-peptide determination 
(Figure 5). Each time point represents the average 
of values from two animals. Data from transgenic 
mice are shown by solid lines; data from control 
mice are shown by dashed lines. 

40 Tolbutamide has been used clinically to di- 

agnose insulinomas because in normal subjects, 
serum insulin (or C-peptide) levels rapidly return to 
normal from their tolbutamide induced peak, but in 
insulinoma patients, elevated insulin levels persist 

-45 (Fajans, S.S. et ah, J. Lab. Clin. Med. 54:811 
(1959)). Within 20 minutes of intravenous tol- 
butamide administration, serum human C-peptide 
levels peaked, followed by a rapid decrease over 
the next 10 minutes. 

50 The fact that transgenic mice of strain B6C3F1/ 

Huming quickly regained basal serum human O 
peptide levels supports the conclusion that their 
insulin expression was tightly regulated. The tol- 
butamide results presented above have significant 

55 implications for insulin pharmacologists. Drugs that 
are thought to affect human insulin synthesis, se- 
cretion, action or clearance can now be tested in 
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an in vivo animal system. The in vivo effects of 
various pharmacological agents on human gene 
expression and protein function can now be evalu- 
ated in a non-human setting. 

While the Jnvention has been described in con- s 
nection with specific embodiments thereof, such as 
a mouse representative for mammals in general, it 
will be understood that it is capable of further 
modifications, especially with regard to other mam- 
mals, in particular rodents, e. g. rats, guinea pigs, 10 
rabbits, hamsters and other laboratory animals, and 
this application is intended to cover any variations, 
uses, or adaptions of the invention following, in 
general, the principles of the invention and includ- 
ing such departures from the present disclosure as 15 
come within known or customary practice within 
the art to which the invention pertains and as may 
by applied to the essential features hereinbefore 
set forth and as follows in the scope of the claims. 



Claims 

1. A mammal, preferably a rodent especially a 
mouse whose cells contain the gene for human 25 
preproinsulin, proinsulin or insulin and which is 
capable of producing progeny mammals carrying 

said gene. 

2. The mammal of claim 1 . wherein said gene 

is stably expressed and preferably said expression 30 
of said human insulin is naturally regulated. 

3. A method for obtaining a target mammal 
whose cells contain a genetic sequence for all or 
part of the human preproinsulin, proinsulin or in- 
sulin genes and which is capable of being bred to 35 
produce progeny mammals whose cells contain 

said genetic sequences, comprising: 

(a) isolating a fertilized egg from a first female 
mammal; 

(b) transferring a genetic sequence which contains 40 
all or part of the human preproinsulin, proinsulin or 
insulin gene into said fertilized egg; 

(c) transferring said fertilized egg containing said 
genetic sequence to the uterus of a pseudopreg- 
nant second female mammal; 45 

(d) maintaining said second female mammal such 
that 

(i) said second female mammal becomes pregnant 
wfth an embryo derived from said fertilized egg 
containing said genetic sequence, 50 

(ii) said embryo develops into said target mammal, 
and 

(iii) said target mammal is viably bom from said 
second female mammal; 

wherein said target mammal contains a genetic 55 
sequence for human preproinsulin. proinsulin or 
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insulin and is capable of being bred to produce 
progeny mammals whose cells stably contain said 
genetic sequence. 

4. The method of claim 3, wherein said genetic 
sequence for human preproinsulin, proinsulin. or 
insulin is stably expressed and preferably said ex- 
pression of said human insulin is naturally regu- 
lated. 

5. The method of claim 3 or 4. wherein said 
first female mammal is a mouse, preferably of 
mouse strain C57/C3H. 

6. The method of claim 3, 4 or 5, wherein said 
genetic sequence which is transferred into said 
fertilized egg is derived from plasmid pgHI 12.5. 

7. The mammal of claim 1, which is mouse 
strain B6C3F1/Huming. 

8. A method for evaluating the pharmacokinetic 
effect, therapeutic value, or medical significance of 
an agent on the expression or level of human 
insulin which comprises: 

<a) providing said agent a mammal of claim 
1 or 2; and 

(b) examining the effect value or signifi- 
cance of said agent on the expression or level of 
said human insulin, by monitoring said expression 
or level in said mammal. 

9. The method of claim 8. wherein said mam- 
mal is a mouse, preferably derived from strain 
B6C3DF1/Hum1ng. 

10. A method for" evaluating the phar- 
macokinetic effect, therapeutic value, or medical 
significance of an agent on the expression or level 
of a heterologous protein which comprises: 

(a) providing said agent to a transgenic 
mammal, preferably a transgenic mouse, said 
mammal containing the gene for said heterologous 
protein; and 

(b) evaluating the effect value or signifi- 
cance of said agent on the expression or level of 
said heterologous protein, by monitoring said ex- 
pression or level in said mammal. 
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